Abstract: The paper presents the results of the study on seed morphology of four following Ornithogalum species: O. boucheanum Asch., O. nutans L., O. pyrenaicum L., and O. umbellatum L. Several macro-and micro-morphological characters were observed using stereoscope and scanning electron microscope. Differences were found especially in micromorphological characters of the seed surface, the shape of raphe and micropylar pole. These characters can be used as an additional taxonomic criterion at specific level for this genus. Only the seeds of O. boucheanum and O. nutans -two closely related and morphologically very similar species are practically undistinguished.
Introduction
According to the current molecular systematic the genus Ornithogalum belongs to the family of Hyacinthaceae. The family is monophyletic and is nested within Asparagales (APG 1998 (APG , 2003 . Based on molecular, morphological, karyological and chemotaxonomical data the family can be split into the four subfamilies Oziroeoideae, Urgineoideae, Ornithogaloideae and Hyacinthoideae (Pfosser & Speta 1999 , 2001 ). The family comprises of about 41-70 genera and 770-1000 species (Stevens 2001 onwards) .
Many taxonomic surveys showed the importance of micro-and macro morphological studies of seeds in plant systematics. Morphology of seeds is rather diverse in Hyacinthaceae. Seed characteristics have been shown to be useful for subfamilial delimitation (Speta 1998) and generic grouping (Jessop 1975) . According to Speta (1998) seeds in subfamily Ornithogaloideae are flattened and angled. In Ornithogalum species seeds are spherical to elongate-prismatic or flattened (McNeil 1980) . Recently, two surveys of seed morphology among genera of Massonieae (Hyacinthoideae) were presented (Wetschnig et al. 2002; Pfosser et al. 2003) . Seed micromorphology of some species of the genus Ornithogalum from East Africa and Black Sea Region was also previously described (Stedje & Nordal 1984; Coskuncelebi et al. 2000) .
The aim of the presented work was to describe the seeds of four following Ornithogalum species: O. boucheanum Asch., O. nutans L. (both subgenus Myogalum), O. pyrenaicum L. (subgenus Beryllis), O. umbellatum L. (subgenus Ornithogalum), and to evaluate the utility of seed morphology in the taxonomy and in identification of examined taxa. We were especially interested in two morphologically very similar species, O. boucheanum and O. nutans which are practically undistinguished after blooming time (e.g. McNeil 1980; Raciborski 1919; Szafer et al. 1953; Rutkowski 2006 ).
Material and methods
Seeds of four Ornithogalum species were investigated. Seeds of O. nutans and O. boucheanum were collected from plants growing in great numbers at Cytadela Park in Poznań (Poland). Seeds of O. pyrenaicum and O. umbellatum were collected in Botanical Garden of Adam Mickiewicz University in Poznań. The plant materials were deposited at Poznań University of Life Sciences Herbarium (POZNB). All examinations were carried out on fully developed dry seeds. The seeds were not specially prepared, but only cleaned. Size (length and width), shape, outline, axis, shape of micropylar and chalazal poles, raphe and seed colour were determined from 30 seeds of each species using stereoscope microscope PZO type 131. Four seeds of each species were mounted on aluminum stubs with "Leit-Tabs" and coated with gold in an Agar sputter coater. Electron micrographs were obtained with a LEO 435 VP scanning electron microscope at an accelerating voltage of 15 kV. In total aspects the seeds were oriented with the chalazal pole pointing right and the micropylar pole pointing left. Lateral views were oriented with the raphe facing towards and second showing a reverse. The terminology describing the seed surface followed mainly Barthlott (1981 Barthlott ( , 1984 .
Results
Variation in seed characters for four Ornithogalum species studied is shown in Table 1 . orbicular rarely broadly-ovate, with the axis slightly arched in O. umbellatum, and irregular, highly variable in O. pyrenaicum (Fig. 1) . O. boucheanum and O. nutans showed a rounded or flattened shape at the chalazal pole and blunt or acuminate, distinct swellings of the seed coat at the micropylar region. In O. umbellatum seeds, the shape of the chalazal pole was usually rounded (rarely flattened or depressed) and the micropylar pole was indistinct, only sometimes formed acuminate or rounded swellings. In O. pyrenaicum seeds both poles were hard to recognize. Raphe was flat but well visible in the first two species, convex and folded in O. umbellatum, and indistinct in O. pyrenaicum because of the presence of a few similar folding and inconspicuous chalazal-and micropylar poles ( Fig. 2; 1a , 2a, Fig. 3; 3a, 4a) . The seeds were dark-brown not shiny in O. boucheanum and O. nutans, black not shiny in O. pyrenaicum and black shiny in O. umbellatum.
Seed surface
The seed coat of O. boucheanum, O. nutans and O. umbellatum showed net -like cell arrangement and alveolate primary sculpture ( Fig. 2; 1, 2, Fig. 3; 4) . The cells of testa were izodiametric, tetragonal pentagonal or hexagonal, 200-350 µm in diameter in the first two species, and 150-300 µm in O. umbellatum. The anticlinal walls were straight or weakly curved in O. boucheanum and O. umbellatum and curved in O. nutans, raised (distinctly in O. boucheanum and O. umbellatum), forming well visible margins over the seeds of testa. The outer, periclinal, walls were concave to flat with smooth surface (secondary sculpture) with slightly fibrous pattern in O. boucheanum and flat with smooth surface and more intense fibrous pattern in O. nutans ( Fig. 2; 1c, 2c) . O. umbellatum showed flat periclinal walls with smooth surface ( Fig. 3; 4c) . The rugose seed coat surface was characteristic for O. pyrenaicum ( Fig. 3; 3a, 3b ). This pattern was probably caused by inner seed coat layers by differences in the amount of water loss in different tissues during desiccation. O. pyrenaicum had elongated and irregular in outline testa cells with undulate, channeled lateral walls, and undulate, convex outer periclinal walls partly covered with reticulate pattern ( Fig. 3 ; 3b, 3c).
Discussion
As in previously described species of Ornithogalum (Stedje & Nordal 1984; Coskuncelebi et al. 2000) , distinctions in seed surface features were also observed in this study. Three species -O. boucheanum, O. nutans (both subgenera Myogalum) and O. umbellatum (subgenera Ornithogalum), showed alveolate primary sculpture and ± smooth surface of outer periclinal walls of seed coat, with only slight differences in some micromorphological characters. The same type of primary structure was previously described in O. armeniacum Baker, O. orthophyllum Ten. and O. sigmoideum Freyn & Sint (Coskuncelebi et al. 2000) . O. pyrenaicum was characterized by rugose seeds with undulate secondary sculpture. The shape of its seeds epidermal cells is more or less similar to those of O. oligophyllum E.D.Clarke (Coskuncelebi et al. 2000) and three described African species (Stedje & Nordal 1984) . In this group of species differences in anticlinal walls run and curvature of outer periclinal walls seem to be most important. The seeds examined in this study differed also in other characters. O. umbellatum can be distuinguished from O. boucheanum and O. nutans mainly by differences in seed colour, shape of raphe and micropylar pole. These features should also be considered in studies of seed morphology.
According to many botanists' specimens of O. boucheanum are difficult to separate from O. nutans with morphological characters, especially after blooming (e.g. McNeil 1980; Raciborski 1919; Szafer et al. 1953; Rutkowski 2006) . We tried to find additional taxonomic characters examining the seeds of these two closely related species represented subgenus Myogalum. Unfortunately, the seeds of O. boucheanum and O. nutans did not differ in size and shape, macromorphological characters as well as their seed surface most essential features. The slight differences were only found in formation of anticlinal walls and micro-pattern of outer periclinal walls of testa cells.
